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Siting Study for Aluminum Plant in Central Kentucky 
Grover C. Cox, Ill 
Senior Engineer, Bowser-Morner, Inc., Dayton, Ohio 
SYNOPSIS This paper describes a soil and rock exploration program that studied three (3) alternate s~tes !or a 2,600 
foot long aluminum ~reduction facility. Based.on the results of the preliminary explorati<?ns, the th1rd Slte.was. 
selec~ed, although 1t had the poorest geotec~nlcal.properties and would be the most expens1ve t? develop. Th1s s1te 
conta1ned karst features. Therefore, the maJor obJective of the continuing exploration and des1gn progra~ was th~ 
overall clarification and quantification of the degree and distribution of solution activity across the s1te and 1ts 
effect on construction planning and operations. A detailed analysis of the subsurface geohydrology was comple~ed. 
The approximate flow rates within the rock and soil were determined because any stabilization procedures appl1ed to 
this karst affected site would have to be evaluated based on their ~ffect on the flow of subsurface water. 
Specifications and recommendations were prepared for sink hole amendment for a range of conditions. 
INTRODUCTION 
A preliminary site selection study, involving three po-
tential sites, for an aluminum manufacturing plant was 
conducted in 1981. After the final site was chosen, the 
initial phases of design and construction were completed. 
The proposed aluminum manufacturing building was about 
500 feet wide by 2,600 feet long. It was a typical mill 
building design with roof trusses supported by columns, 
and it contained mobile cranes supported by runway col-
umns. The structural supports and runway columns were 
founded on a common foundation. The average building 
column dead load was 100 kips with a live load of 60 
kips. Crane loads ranged from 200 to 580 kips. 
The floor slab for the manufacturing building was sub-
ject to very heavy concentrated loads. The minimum 
floor design load was that of a 25 ton fork lift, while 
maximum loads resulted from the unloading of railroad 
cars and storage of· 30-ton slabs of aluminum. The 
design also included several shafts for hydraulic pis-
tons founded as much as 60 feet below average top of 
floor slab elevation. 
In addition to the main manufacturing plant and its 
attached facilities, the project required numerous 
switching and railroad lines, a sanitary landfill, a 
wastewater treatment area, and a 75-acre spray irri-
gation field. The site for this production facility 
also required the availability of an established rail-
road line of sufficient potential capacity to transport 
the heavy loads of raw and manufactured aluminum, a site 
with sufficient open area to provide a buffer zone of 
considerable dimension around the manufacturing area, 
and large. quantities of readily available industrial 
quality water for manufacturing purposes. The region 
of south-central Kentucky was specified. This geogra-
phic area met the general site criteria and three (3) 
specific sites were pin-pointed. 
PRELIMINARY FIELD EXPLORATION 
To determine the nature and types of the soil and rock 
beneath these sites, preliminary field investigation 
programs were conducted. These programs included bor-
ings for recovery of disturbed and undisturbed samples 
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and the installation of piezometers. The ~orin~s wer~ 
drilled with truck-mounted Mobile 8-61 bor1ng ngs us1ng 
hollow-stem augers. Oist urbed samples were obtained by 
standard penetration resistance methods (140 pound ham-
lll:!r, 30-inch drop, 2-inch 0. 0. sp 1 it-spoon sampler) at 
maximum intervals of 5 feet or at major changes of stra-
stratum, whichever occurred first. Relatively undis-
turbed soil samples were retrieved by hydraulically 
pressing, at a constant rate, 3-inch 0. D. Shelby tube 
thin-walled samplers through the soi 1. "NX" size rock 
samples were cored and retrieved to confirm the pre-
sence of solid rock at the s i te and to pro vi de samples 
for determination of its physical characteristics. 
Presented below are summaries of exploratory results 
from each prospective site. A table listing the work 
performed and primary site characteristics of the three 
(3) prospective sites follows the individual summaries. 
A. Summary of the Eva 1 uation of Site No. 1 
Observation of Site No. l prior to field exploration 
revealed the presence of several apparent sink holes. 
Therefore, a primary objective of this geotechnical 
investigation was to determine the extent and degree of 
karstification at this site. Thirty-nine (39) borings 
were drilled, fourteen ( 14) of which were cored (see 
Figure 1). The borings disc 1 osed a soi 1 profile that 
extended to depths ranging from 2 to 17.5 feet. The 
soils encountered were residual products of the lime-
stone underlying the site. The soils were primarily 
stiff brown silty clays (ML-CL). The rock beneath the 
s~te was composed of .light gray to gray crystalline 
l1mestone ?f the Lex1ngton Formation of Ordovician Age. 
It. was obv10us that the ev o 1 uti on of the topography in 
~h 1 s ~rea was governed by so 1 uti on processes. Runoff 
1n th~s area .was observed entering sink holes and dis-
charg~ng fr?m undergroun~ streams at locations away from 
the s1te wh1ch resul~ed ,n a well developed drainage 
system beneath the s 1 te • 
Void~ were encou~tered in the limestone in the central 
~ort1on of the s1te ?f the manufacturing building. Soils 
1n the area of the Slnk ho 1 es were relatively soft com-
pared to less porous areas where voids~ solution chan-
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nels, and sink holes were not so common. This softness 
was thought to be due to leaching which had weakened the 
soil structure. These soils were highly compressible and 
unsuitable for the support of structures as was the solu-
tion affected rock beneath them. Therefore, it was anti-
cipated that driven piles or drilled piers would have to 
be extended through the areas of voids and soft soils, 
both in areas of deep fi 11 and in areas of cut. 
Other site requirements were appraised. Railroad access 
was found to be acceptable. The site was relatively 
open, but acquisition of sufficient additional land for 
a buffer zone would be expensive. The potential for a 
source of make-up water was low. 
B. Summary of the Evaluation of Site No. 2 
Site No. 2 was also located in an area of karst affected 
limestone. The determination of the extent and degree of 
karstification was the primary objective of the field 
exploration phase of this site study. Thirty-three (33) 
borings were drilled, nineteen (19) of which were cored 
(see Figure 2). The borings disclosed a soil profile 
that ranged in depth from 1.1 to 12.0 feet. The soils 
were residual products of the limestone underlying the 
site, except 'for some colluvial soil. They were pri-
marily stiff to hard clay silts or silty clays (ML-CL, 
CH). The limestone rock encountered beneath the soil 
was composed of a buff to dark gray coarsely crystalline 
limestone of the Clays Ferry Formation, which had been 
shaped and degraded by solution processes. The solution 
formed features in this area were as numerous, but not as 
obvious, as those encountered at Site No. 1. They con-
sisted primarily of sol uti on affected joints in the rock, 
while karst formations at Site No. 1 were composed of 
relatively cavernous type of karst features. 
Voids in the limestone were encountered beneath the 
northern half of the manufacturing building site. Seams 
of residual clay within the rock were encountered beneath 
the southern perimeter. The site soils in the area of 
solution activity, however, were not as affected by 
apparent leaching as were the soils at Site No. 1. 
Therefore, the effects of solution activity were limited 
with respect to the residual soils. The central and 
western portions of the proposed location of the main 
manufacturing building were located over a small hollow 
which would require a large quantity of fill to bring the 
area to the proposed grade. It was estimated that about 
40% of the floor space of the main manufacturing plant 
would require from about 5 to 20 feet of fill to attain 
the proposed final top of floor slab elevation of 858 
feet. On the other hand, since the central portion of 
this site was dominated by rock, it would require a large 
quantity of excavation of massive, crystalline limestone 
rock. 
Railroad access was acceptable, but the elevation of this 
site relative to the existing line would necessitate com-
paratively steep approach grades. The general area of 
the site was relatively open, and the position of the 
main manufacturing building dominated the high ground 
making visual buffering difficult regardless of the 
amount of surrounding land acquired. The potential for 
obtaining a reliable source of water for manufacturing 
purposes was low and the water would be expensive. 
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c. Summary of the Evaluation of Site No. 3 
Site No. 3 also contained sink holes and other karst re-
lated features, including a small cave. This necessi-
tated a more extensive field exploration program which 
included geophysical methods. Fifty-eight (58) borings 
were drilled to depths ranging from 15.0 to 70.0 feet, 
and seventeen (17) borings were drilled in the locations 
of observable sink holes to acquire more detailed infor-
mation on the nature and extent of voids in the vicinity 
of the sink holes (see Figures 3 and 4). An extensive 
electrical earth resistivity survey was conducted to 
locate contacts between the various subsurface materials 
and reveal any areas underlain by large voids. 
The borings encountered a soi 1 profile that extended to 
depths ranging from 1.3 to 23.0 feet in depth, and it 
was more complex than that encountered at the other two 
sites. All of the soils were decomposition products of 
the limestone and shale bedrock. However, some of the 
residual soils at this site were decomposition products 
of the shale, and they contained a large proportion of 
clay. These soils were relatively soft and prone to 
swelling when compared to the majority of the other 
site soils. Extensive deposits of colluvium resulting 
from the erosion of residual soil from the higher areas 
of the site were also present, and deposits of very soft 
soil containing significant quantities of organic mater-
ial were encountered within the depressions formed by the 
numerous sink holes. In general, the soil at this site 
was silty clay or clay silt (ML-CL), but there was a 
significant proportion of moderately expansive clay (CH), 
and organic silt (OH). 
The stratigraphy and composition of the rock encountered 
beneath the site was also more complex than that encoun-
tered at the other two sites. The rock was either light 
gray, fine-grained limestone grading to limey shale or a 
black or greenish-gray shale that was decomposed to un-
weathered in nature. The shaley limestone was a member 
of the Golconda Formation. As with the other two sites, 
solution processes had influenced the topography in this 
area. Voids or thick clay seams were encountered within 
the the northern and southern portions of the site of the 
manufacturing building, and significant evidence of sub-
surface water flow was observable both during field 
reconnaissance and subsurface exploration. The presence 
of karst affected formations, swelling clay, and organic 
deposits indicated this site would be more difficult to 
develop than the other two sites. 
The other factors that affected the preliminary site 
selection process were acceptable. A railroad line was 
available that could be connected to the site by con-
structing a large embankment to cross a 30-foot deep 
ravine between the proposed plant site and the existing 
railroad line right-of-way. A large agricultural area 
around the plant site was available that could be ac-
quired as a buffer zone. A reservoir was nearby con-
taining water of sufficient quality for industrial use, 
although a pipeline would be required to connect the 
reservoir to the site. The cost of electrical power in 
this area was relatively low when compared to the other 
sites, since the source was hydro-electric. 
The site selection parameters for this site and the other 
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two sites are summarized in Table I below. 
TABLE I. Summary of Field Exploration Work 
Performed, Site Selection Pa;ameters 
and Primary Site Characteristics ' 
Site #1 ~ ~ 
~umber of Borings 39 33 58 
Feet of Rock Core/ 
~umber of Cores 164/14 228.5/19 610.8/46 
Elevation Difference 
Across the Profile of 
the Manufacturing 
Building 30 1 401 30 1 
Top of Floor 
Slab Elevation 941.0 I 858.0 1 586.0 1 
Maximum Depth 
of Fi 11 15 1 20 I 18 1 
Major Problem Karst Rock Karst 
Excavation 
Relative Power 
Cost High Moderate Low 
Relative Land 
Cost Very High High Low 
SITE SELECTION 
Once the preliminary site exploration programs were 
completed, the sites were compared and evaluated. The 
first phase of evaluation was based on the geotechnical 
and site parameters derived from preliminary field 
exploration and site reconnaissance at the three proposed 
sites. Review of the results of the field exploration, 
1 aboratory testing, field reconnaissance, and preliminary 
foundation engineering analysis indicated that all three 
sites were suitable for foundation construction for the 
proposed facility. 
Sites were compared on the basis of relative cost of 
foundation construction in the next phase. Costs of six 
site preparation and foundation installation operations 
were considered for each site. 
1) Costs of installation of 1,280 drilled piers 
including the coring of unacceptable solution 
affected strata. 
2) Costs of installation of spread foundations 
where drilled piers were impractical or not 
required (blasting costs are included). 
3) Costs of grouting subsurface voids and "den-
tal" grouting of surface openings. 
4) Costs of rock blasting and excavation. 
5) Costs of hand excavation and installation of 
filter fabric over sink holes and open solu-
tion chan ne 1 s. 
6) Costs of compacted clay caps to seal sink 
holes, collapsed caverns, and open solution 
channels. 
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The estimated foundation and site preparation costs 
(1980 prices) for each site are presented below in 
Table II. 
TABLE II. Summary of Comparative Foundation 
Construction and Site Preparation 
Cost Data For Three Sites 
Site #1 Site #2 Site #3 
Drilled Pier 
Installation $600,000 $ 900,000 $1,030,000 
Spread Footing 
Foundation 
-0- $ 940,000 $ 250,000 
Grouting of Voids 
for Foundation 
Support $350,000 $ 900,000 $1,700,000 
Rock Excavation (Cut) 
-0- $ 225,000. -0-
Filter Fabric 
and Clay Caps 
for Sink Hole 





Costs $975,000 $2,995,000 $3,390 ,ooo· 
All of the sites were acceptable, i.e., buildable, al-
though the cost of foundation construction vary con-
siderably. Site ~o. 1 had the lowest estimated cost for 
drilled piers and grouting of voids, but it had the 
second highest cost for sink hole repair. Spread foot-
ings were not considered applicable at this site, due to 
the poor quality of the site soils and the potential for 
differential settlement between individual footings. 
Rock excavation would not be required for either column 
support or floor slabs. 
Site No. 2 had the second highest estimated foundation 
cost. The cost of spread footings and drilled piers for 
column support was the highest of the three (3), and the 
site required a comparatively large amount of rock exca-
vation to enable construction of the floor slab at the. 
proposed elevation. However, Site No. 2 had the smallest 
cost for sink hole repair. 
Site No. 3 had the highest estimated cost for foundation 
construction and site preparation. Drilled piers would 
be required for the majority of the heavily loaded 
columns. Where acceptable founding for spread footings 
was possible, the bearing material was massive hard 
limestone which would be expensive to excavate. Also, 
this site had the greatest amount of karst affected rock, 
and sink hole repair would be required on a large scale. 
Therefore, when all of these costs were combined, this 
site was the most expensive to develop for industrial 
purposes. 
Other factors warranted consideration before a final 
selection was made. For the railroad line that ran adja-
cent to Site No. 3 to be usable, an embankment would have 
to be built to bridge a ravine that was as much as 30 
feet deep. The railroad company was willing to improve 
the existing line to an acceptable standard and to sche-
dule traffic on the line to accommodate the shipment of 
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materials to and from the plant. This cooperation was 
not available at the other sites and Site No. 2 would 
have required extensive excavation of rock to allow 
access for a spur line to the site. Site No. 3 also had 
an advantage over the other two sites, because land costs 
were relatively low. Further, there was sufficient 
vacant land adjacent to the site that could be purchased 
to provide a buffer zone between the plant and the local 
population. In addition, it was determined during the 
preliminary field exploration phase that sufficient quan-
tities of water for industrial purposes were available 
from the local reservoir. 
Finally, the difference in the costs of electrical power 
from hydro-electric sources at Site No. 3 compared to the 
cost of electric power from coal fired plants at the 
other sites, was more than enough to offset the predicted 
difference in construction costs. Therefore, it was 
decided that Site No. 3 would be developed despite the 
fact that this site had the poorest qualities from a 
geotechnical point of view. 
SITE CHARACTERIZATION 
Once the decision was made that Site No. 3 would be de-
veloped, a Phase II field exploration program was ini-
tiated. This program included fifty-two (52) additional 
borings of which twenty-two (22) were cored for an addi-
tional total length of 336 feet of rock core. To supple-
ment earlier work, an additional series of resistivity 
tests were conducted. Almost all of this additional 
exploration and testing was conducted in the area of the 
manufacturing plant, and this work was intended to supply 
information for a detailed site characterization. There 





depth, thickness, and quality of limestone 
shale beneath the site, 
the geohydrology of the site; and 
identification and repair of karst formations. 
Depth fi Thickness, and Qua 1 i ty of Limestone 
and S ale Beneath the Site 
The configuration of the 1 irnestone and shale beneath the 
site complicated both the design and construction of this 
facility. Most of the site was underlain by limestone of 
the Haney member of the Golconda Formation. The Haney 
Limestone was generally gray with shale or thin clay par-
tings, and it was generally quite hard, while the Big 
Clifty shale was generally black, thinly bedded and com-
paratively soft. 
Based on the interpretation of aerial photographs and the 
alignment of the sink holes there were three sets of joints. One set was generally oriented NE-SE. Another 
set trends generally E-W, and there was a few fractures 
that were oriented to the N-NW. The most important 
aspect of the fractures is that they formed an intercon-
nected system through which solution activity had created 
zones of high hydraulic conductivity (see Figure 4). 
During the field exploration, a subsurface valley de-
tected by drilling and later confirmed in detail by the 
resistivity program. The valley was located beneath the 
central portion of the main manufacturing building. In 
this area the limestone had been weathered away from the 
top of the underlying shale and the soft silty shale was 
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exposed to increased weathering. Also, most of the voids 
in the rock encountered during this project were results 
of solution activity along the joints in the limestone, 
because the joints provided a pre-arranged pattern of 
water flow within the rock. The flow of water apparently 
affected the shale, and there were voids at the limestone 
shale contact where the shale had been weathered to a 
higher degree than the limestone. The potential for 
"transport" of the shale due to solution activity in the 
limestone was a major consideration for foundation design 
and construction. The contours on top of the Haney 
Limestone showed that the subsurface valley trended to 
the northeast (see Figure 3). Within the valley, the 
limestone was either very thin or absent, and the lime-
stone beneath the main building site was divided into a 
northern and southern area. The limestone beneath the 
northern area ranged from about 10 to 15 feet thick, 
while in the south it was more variable ranging from 
between 5 and 15 feet in thickness. The top of shale 
was typically encountered at about elevation 566.0 feet 
and the shale was about 24 feet thick. Beneath the 
shale, there was a stratum of hard, light brown to gray 
sandstone that was not weathered. The limestone strata 
in the upper portion of the shale were variable in their 
engineering properties, and special measures were 
required for proper founding of heavily loaded columns 
for this structure. 
2) Geohydrology 
It was important to clarify the groundwater hydrology and 
its relationship to the sink holes and to the design and 
construction of this facility, because the floor slab for 
the manufacturing building would require a compacted 
earth embankment. The subsurface flow of water could 
affect the integrity of this embankment. Also, any sta-
bilization procedures applied to this karst affected site 
would have to be evaluated based on their effect on the 
flow of subsurface water. Based on the results of the 
borings, rock cores, piezometers and the results of the 
preliminary field study and reconnaissance, it was deter-
mined that the primary zone through which groundwater 
moves beneath the site was the interface between the 
underlying limestone and shale. The water moves through 
solution channels which have developed along joints and 
on top of the underlying stratum of shale. Thus, the 
flow system was classified as a "confined flow" system, 
because the flow is through solution openings that con-
tain unconsolidated materials with low permeability which 
would slow the flow of water, and as a "perched aquifer", 
because the limestone bedrock is underlain by a stratum 
of shale that is to all intents and purposes, imper-
meable. 
The joints or fractures identified in the rock based on 
the interpretation of aerial photographs and the align-
ment of sink holes had an important effect on the flow of 
water beneath the site (see Figure 4). The fractures 
formed an interconnected system of high hydraulic conduc-
tivity due to the long-term effects of solution activity. 
The orientation of these fractures was as important for 
geohydrologic analysis as the surface topography. 
Weathering and erosion had formed a subsurface valley in 
the bedrock. With-in that valley, the limestone was thin 
or totally absent and the contact between the Haney 
Limestone and the underlying shale was quite irregular. 
The valley divided the limestone beneath the site into 
a northern portion and a southern portion. More im-
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portantly, the division in the underlying limestone 
separated the Haney Limestone into essentially two 
separate systems with respect to groundwater movement. 
a) Flow Regime 
It was assumed that most of the recharge to the flow 
systems in the limestone would occur through the sink 
holes. It was also assumed that a smaller quantity of 
recharge would occur through weathered rock. The water 
then moves through the joints in the 1 imestone and 
discharges through springs and wet weather seepage zones 
encountered along the outcrops of the contacts between 
the Haney Limestone and the underlying shale. Figure 4 
i 11 ustrates the general direction of groundwater movement· 
at the site. 
The site for the main manufacturing building was placed 
over both flow sys-tems with the valley formed by the 
absence of limestone in the center. To the north, the 
primary area of recharge is in the area southwest of the 
manufacturing plant. The general direction of movement 
is north-northeast, and the major discharge point is a 
spring which flows out of a small cave located northeast 
of the manufacturing building. To the west of the small 
cave, evidence of wet weather seepage was observed all 
along the shale and limestone contact, and there was 
observable discharge into the larger ravine located adja-
cent to and west of the manufacturing building. There 
was also a small component of flow to the east in the 
direction of the subsurface valley in the limestone, but 
the magnitude of this flow is insignificant in comparison 
to discharge from the springs (see Figure 4). 
In the southern portion of the site, the source of 
recharge to the sink holes was fairly obvious, but the 
discharge zones were not well defined. The topography 
in this area forms a bowl like feature with all surface 
runoff draining into several large sink holes. Most of 
the surficial runoff in this area plus infiltration re-
charges to the southern system. The estimated primary 
direction of groundwater movement was to the east with 
primary discharge in to the ravines located southeast of 
the manufacturing building with secondary discharge at 
the limestone shale contact at the head of the ravine 
and in small springs and seeps dispersed further away. 
Except for a spring adjacent to the southern extremity 
of the manufacturing building, there was no obvious ma-jor discharge point for the southern flow system. 
b) Estimation of the Magnitude of Flow 
To define the criticality of the flow beneath this site, 
with reference to the proposed embankment and future 
operations, it was necessary to estimate the magnitude 
of flow. The estimate of the volume of flow through both 
systems was based on the annual recharge that was ex-
pected to occur. The location of swales and the basin 
that drain into the major sink holes are shown in Figure 
4. For Area 1, the surface drainage area and the tot a 1 
recharge area for that system were thought to be essen-
tially the same. For Area 2, a significant portion of 
the 1 imestone underlies the topography without sink 
holes. For Area 2A, recharge was thought to consist of 
infiltration only; surface water was thought to be 
diverted away from the local flow system. 
The potential recharge was computed for the site. For 
Areas 1 and 2, recharge was considered to be annual 
precipitation less evapotranspiration. For Area 2A, 
recharge was considered to be annual precipitation, less 
evapotranspiration and runoff. Sci 1 moisture and storage 
were considered to be inconsequential. The estimated 
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magnitude of the groundwater flow would enable the con-
sideration of the implications relative to structural 
design. It was thought that flow calculations or refined 
delineation of the geohydrological system were unneces-
sary to achieve the purpose of the analysis. The cri-
teria for this analysis was developed empirically and 
from existing literature. The criteria was as follows: 
i) 
i i ) 










- 48 inches 
- 32 inches 
- 2.5 inches 
- 12.5 inches 
The annual recharge over the area as analyzed was con-
verted into a total volume as follows: 
i) Area 1 - 48.3 MG/Year (92 GPM) 
ii) Area 2 - 21.8 MG/Year (42 GPM) 
iii) Area 2A- 7.1 MG/Year (13 GPM) 
The estimated volumes were converted to gallons per 
minute (gpm), because it was simpler and more meaningful 
to relate to flows than total quantities. It was assumed 
for purposes of calculation that a steady state condition 
existed all through the year, and a total volume would 
discharge continuously at the flow rates shown in 
parenthesis as gallons per minute (gpm). It was also 
expected that flow rates of various seeps and springs in 
the discharge areas would be about one-half of the esti-
mated quantity during dry weather, and they could also 
completely dry up during extensive periods of drought. 
On the other hand, it was thought that during and after 
major storms in the spring, the total flow from springs 
and wet weather seeps would be several times the esti-
mated rates. 
c) Summary of Groundwater Hydrological 
Observations 
Based on the estimates of the magnitude of subsurface 
flow, it was concluded that there was a significant quan-
tity of water moving beneath the site, but the estimated 
flow rates were not of the order of magnitude associated 
with classic karst systems. It was also obvious that the 
flow systems were very local in nature. Therefore, it 
was recommended that sealing of the surface of the sink 
holes, through which most of the recharge enters, would 
cause a substantial reduction in the flow and the dis-
charge rate. It was expected that there would be no 
other significant impact as long as the surface drainage 
was correctly modified to accumulate and dispose of the 
changes in the drainage pattern. 
d) Implications of Groundwater Hydrology 
at the Site 
The results of review, observation, and analysis of the 
state of the groundwater and the nature of the geohydro-
logy at the site indicated that the volume of water flow 
beneath this site was of such a relatively small magni-
tude that soil or shale transport would not be a problem. 
That is, transport of the site soils or shale beneath the 
embankment fill for the building, particularly where the 
fill intersects the contact between the underlying shale 
and limestone, should not be of sufficient magnitude to 
pose a problem for the stability of the fill. The recom-
mendations presented for diversion of surface flow away 
from the embankment fill areas and the sink hole repair 
program (presented below) were intended to minimize the 
potential for problems caused by soil transport. They 
included our opinion that leaving the geohydrologic 
system beneath this site unmodified would not change the 
structural competence of the limestone in its present 
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state due to continued solution activity during the prac-
tical life span of the proposed structure. However, 
during initial construction and site preparation, it was 
recommended that any condition not previously encountered 
such as springs should be closely monitored. 
3) Sink Holes and Sink Hole Repair 
One of the most noticeable features of this site was 
the number and prevalence of sink holes. The sink 
holes encountered at this site were not the classical 
bowl shaped 1sink holes found where subsurface caverns 
collapse, rather the sink holes at this site were mani-
festations of the joint pattern within the limestone. 
They were formed by erosion of the sides of the joints 
which progressed until the joints were wide enough that 
the openings broached at the surface. Therefore, the 
sink holes were not bowl shaped, but they were long and 
thin. A total of forty-four (44) sink holes were iden-
tified within the boundaries of the immediate site. 
Only two (2) were located beneath the main manufacturing 
building. Due to their shape, a relatively simple method 
of sink hole repair was utilized (see Figure 5). The 
sink holes were classified according to their potential 
effect on the proposed use of the land in their specific 
area. Class I sink holes were to be repaired with the 
objective of improving their structural properties. 
Class II sink holes were to be repaired with the objec-
tive of reducing their water carrying capacity. Class 
III sink holes were located too far from the main plant 
or other facilities to require repair. The general pro-
cedure for repair of Class I sink holes was as follows: 
a) excavation of soil and loose material 
from the sink hole, 
b) placement of a rock fragment fi 11 • 
c) placement of a filter on top of the 
rock fragment fi 11, 
d) placement of filter fabric on top of 
the filter; and 
e) filling of the ba 1 ance of the hole with 
lean concrete. 
It was a 1 so recommended and put in to practice in the 
field, that if after th~ soil and other deleterious 
material were stripped from the surface of a si~k hole 
that only a small crack or hole (less than two 1nches 
wide/diameter) was revealed in the underlying limestone, 
then these small cracks holes or fissures were sealed 
with lean concrete as the only repair procedure. Fif~een 
(15) sink holes required Class I treatment. The repau 
procedure for Class I I sink holes was the same as spe-
cified for Class I sink holes, except that cohesive soi 1 
was used to fill the sink hole excavation from the filter 
fabric to the top of the hole, rather than lean concrete. 
Six (6) sink holes required Class II treatment. 
The design for sink hole repair was intended to amend 
either the structural or permeability properties of the 
sink holes, while minimizing the effects on the subsur-
face movement of water. Therefore, the rock fi 11 
material was specified to consist of rock fragments 
reasonably well graded between two inches and six inches 
in diameter. This rock fill provided support within the 
sink holes to provide a platform on which the other 
materials would be placed, while not. sealing the karst 
affected rock joint. Therefore, there would be minimal 
TOPSOIL 
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displacement and/or interruption of the existing subsur-
face groundwater flow pattern, and the water flow would 
not be dammed and/or diverted to a new pathway, where it 
could have a negative effect on the construction or the 
future operation of the plant. Dense Graded Aggregate 
(OGA) was recommended to be the next layer of material. 
This material was recommended, because it would be a form 
a transition layer (i.e, filter) above the rock fragment 
fill. The filter fabric was recommended as a precaution 
to minimize the potential for future piping of cohesive 
fill around the lean concrete cap. The lean concrete was 
used to complete the filling of the excavated sink hole 
and was specified to have a minimum strength of 1,500 
pounds per square inch (psi) which was in excess of the 
recommended bearing capacity of the site soils and 
equivalent to the recommended allowable bearing capacity 
for the site rock. 
S~Y 
In this paper, a site selection study for an aluminum 
manufacturing site was described. The most notable 
aspect of this project was that, of the three (3) sites 
studied, the site that had the poorest geotechnical pro-
894 
perties was the one that was selected for construction. 
This result exemplifies the value of the geotechnical 
engineer. The engineering properties of these sites and 
the relative economics of foundation construction were 
determined. The results indicated Site No. 3 had the 
poorest geotechnical properties and would be the most 
difficult to develop. From a geotechnical point of view, 
the decision on where to build would have been relatively 
simple. However, economic and social considerations 
over-ruled geotechnical parameters and Site No. 3 was 
chosen. The geotechnical engineer then optimized the 
foundation design to the characteristics of the site 
enabling the aluminum company to construct a potentially 
profitable facility by making a relatively insignificant 
investment in the initial design and construction. 
Therefore, this project illustrates the two most basic 
objectives of the geotechnical engineer. These are: 
1) determine the relative suitability of a site 
for construction; and 
2) enable the optimization of a total design by 
enabling the trading off of economic, social, 
and construction parameters. 
First International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
